ABSTRACT
Introduction
Amphiphilic diblock copolymer nanoparticles of methoxy poly(ethylene glycol)-b-poly(D,L-lactide) (MPEG-b-PDLL) and methoxy poly(ethylene glycol)-b-poly(-caprolactone) (MPEG-b-PCL) have attracted much attention in drug delivery applications in the human body due to their biocompatibility and biodegradability [1] [2] [3] [4] . The hydrophilic MPEG layer coated on the nanoparticle surfaces can increase blood circulation time of these nanoparticles [5, 6] . Their thermal, biodegradation and drug release properties can be controlled through several approaches including block length adjustment [7] [8] [9] [10] and copolymerization [11] . The physical blending is an alternative method that has been widely used to adjust the properties of polymers such as crystallinity, mechanical properties and biodegradation properties [12] [13] [14] [15] . These properties strongly affected the drug release behaviors.
In addition, the MPEG segments attached to polyester segments can improve miscibility between PDLL and PCL blends to reduce the phase separation [12] . Thus, unique properties of polymer blends quite different from their origin polymers were obtained. However, the preparation of blend nanoparticles of the amphiphilic diblock copolymers has been scarcely published.
The present work describes the preparation of blend nanoparticles of amorphous MPEG-b-PDLL and semi-crystalline MPEG-b-PCL. The blend nanoparticle were prepared by nano-precipitation method, which were then investigated by transmission electron microscopy (TEM) for particle morphology, 1 H-NMR spectroscopy for chemical composition and light-scattering analysis for particle size and size distribution. Thermal properties of the blend nanoparticles were also determined by differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA).
Materials and Methods

Materials
D,L-lactide (DLL) monomer was synthesized by thermal decomposition reaction of low molecular weight poly (D,L-lactic acid) (PDLLA) at 220˚C under reduced pressure. The low molecular weight PDLLA was obtained from polycondensation of D,L-lactic acid solution (90%, Fluka) at 160˚C. Crude DLL was purified by repeated re-crystallization from ethyl acetate and dried in vacuo at 50˚C for 48 h before use. -Caprolactone (CL) monomer (99%, Acro, USA) was purified by drying with CaH 2 followed by distillation under reduced pressure before storage over molecular sieves in a refrigerator. Methoxy polyethylene glycol (MPEG) with a molecular weight of 5000 g/mol (Fluka) was used after it was dried in vacuo at 120˚C for 4 h. Stannous octoate (Sn(Oct) 2 , 95% Sigma) was used without further purification. All solvents in analytical grade were used.
Synthesis of Diblock Copolymers
Both MPEG-b-PDLL and MPEG-b-PCL diblock copolymers were synthesized by ring-opening polymerization in bulk under nitrogen atmosphere at 130˚C for 24 h. Feed mole ratios of MPEG/DLL and MPEG/CL were 1/416 and 1/526, respectively. MPEG and Sn(Oct) 2 were used as the initiating system. Sn(Oct) 2 concentration was kept constant at 0.02 mol%. The diblock copolymers were dissolved in chloroform before precipitating in cool n-hexane for purification. They were then dried to constant weight in vacuo at room temperature. According to this procedure, the purified diblock copolymers were obtained with more than 95% yields. 
H-NMR Spectrometry
Chemical compositions of the copolymers were measured by 1 H-NMR spectrometry using a Bruker Advance DPX 300 1 H-NMR spectrometer at 25˚C CDCl 3 was used as the solvent, and tetramethysilane was used as the internal standard.
Gel Permeation Chromatography
The number-average molecular weight (M n ) and molecular weight distribution (MWD) of the copolymers were determined by gel permeation chromatography (GPC) using a Waters 717 plus Autosampler GPC equipped with an Ultrastyragel column operating at 35˚C and employing a refractive index detector. Tetrahydrofuran was used as the solvent at a flow rate of 1 mL/min.
Differential Scanning Calorimetry
Thermal transition properties of the copolymers were carried out by non-isothermal differential scanning calorimetry (DSC) using a Perkin-Elmer Pyris Diamond DSC The sample (10 mg) was heated at the rate of 10˚C/min under helium flow.
Preparation of Blend Nanoparticles
Blend nanoparticles of diblock copolymers were prepared by the nano-precipitation method. Briefly, 60 mg mixed copolymer was dissolved in 6 mL acetone. The blend solution was added drop-wise into 60 mL distilled water in a 100 mL beaker with magnetic stirring at speed of 800 rpm. The nanoparticle colloid was obtained after evaporating acetone at room temperature for 6 h in a fume hood. The nanoparticle aggregates were removed by centrifugation at 5000 rpm at 4˚C for 30 min. The blend nanoparticles with MPEG-b-PDLL/MPEG-b-PCL blend ratios of 4/0, 3/1, 2/2, 1/3 and 0/4 (w/w) were prepared. Dried nanoparticle sample was collected by centrifugation at 15,000 at 4˚C for 2 h before freeze-drying for overnight.
Characterization of Blend Nanoparticles
Transmission Electron Microscopy
Morphology of the blend nanoparticles was determined by transmission electron microscopy (TEM) using a JEOL JEM 1230 TEM. For TEM analysis, a drop of nanoparticle suspension was placed on a formvar film coated on the copper grid. The specimen on the copper grid was not stained.
Light-Scattering Particle Size Analysis
Particle size and size distribution of the blend nanoparticles were measured from the nanoparticle colloids by light-scattering analysis using a Coulter LS230 particle size analyzer at 25˚C.
2.5.3.
1 blend ratios. It can be clearly seen that the blend nanoparticles had nearly spherical in shape with smooth surface. They had nanometer in size range. The blend ratio did not affect on the morphology of nanoparticles. Average particle sizes of the blend nanoparticles measured from light-scattering analysis are summarized in Table 1 . The size of MPEG-b-PCL nanoparticles was the smallest. The average sizes of blend nanoparticles increased significantly as the MPEG-b-PDLL blend ratio increased. This may be due to the crystallisable PCL block enhanced more compact nanoparticles.
calorimetry (DSC) as described above.
Thermogravimetric Analysis
The thermal decomposition behaviours of the blend nanoparticles were characterized by non-isothermal thermogravimetric (TG) analysis using a TA-Instrument SDT Q600 TG analyzer. For TG analysis, sample (5 mg) was heated from 50˚C to 800˚C at the rate of 20˚C/min under nitrogen atmosphere.
Results and Discussion
Characterization of Diblock Copolymers
The chemical compositions of blend components in the nanoparticles can be investigated from the The M n s of MPEG-b-PDLL and MPEG-b-PCL obtained from GPC curves were 49,000 and 47,000 g/mol, respectively. The MWD values were 1.8 and 1.6 for the MPEG-b-PDLL and the MPEG-b-PCL, respectively. The M n s obtained from GPC results were less than to that calculated from the feed ratios (65,000 g/mol). The transesterification degradation side-reactions may occur during polymerization. Table 1 . Average particle sizes and thermal properties of blend nanoparticles.
Characterization of Blend Nanoparticles
MPEG-b-PDLL/MPEG-b-PCL blend ratio (w/w)
Size (nm) The blend nanoparticles with controllable thermal transition properties (T g and H m ) might be of interest for controlled release drug delivery applications. Two mains mechanisms of drug releasing from polymer matrix consisted of drug diffusion due to matrix swelling and drug release due to erosion of polymer matrix. The swelling and erosion rates of polymeric matrix strongly depended upon the T g and H m , respectively. Thus drug release may be adjusted by varying the T g and H m of the polymeric matrix.
Thermal stability of the blend nanoparticles was determined from the TG thermograms, as shown in 50% by weight after MPEG-b-PDLL decomposition. This indicating that the weight ratio of MPEG-b-PDLL/ MPEG-b-PCL was about 50/50 by weight corresponded to the feed blend ratio (1/1 by weight). The TG results supported that the blend nanoparticles with different blend ratios can be prepared according to the 1 H-NMR analysis, as described above.
Thermal stability results can be clearly determined from the derivative TG (DTG) thermograms, as shown in 
Conclusions
The MPEG-b-PDLL/MPEG-b-PCL blend nanoparticles with spherical in shape and smooth surface were successfully prepared by nano-precipitation method. Blend ratios of MPEG-b-PDLL/MPEG-b-PCL affects the ave- rage particle size, thermal transition properties and thermal decomposition behaviors. The average particle sizes and glass transition temperatures of the blend nanoparticles decreased and the heats of melting significantly increased as the blend ratio of MPEG-b-PCL increased. The blend ratio is an effective tool to modulate the particle size and thermal properties of the blend nanoparticles. The thermal property control suggested in this work may lead to rational manipulation of biodegradation and drug release rates of the blend nanoparticles. These blend nanoparticles might be interested in drug delivery applications.
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